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EXECUTI VE SUMVARY

This is a study of the pricing practices of the electric
power industry, notivated by the inportance of this industry
to any overall program of environmental managenent. The
generation of electricity is a major source of air and thern
pollution; the siting of new electric power plants has been
a major focus of the preservation versus devel opment contro-
versy, and a harbinger of the grow ng inportance of the

| and use issue. Both the level and pattern of utilization
of existing capacity, and the rate and conposition of addi-
tional capacity, are therefore critical to environnenta

policy.

Qur laws and institutions are built around the presunption
that, unless there is good reason to believe otherw se,
markets and market-determned prices are the best arbiters
of both output and investment decisions. The rationale for
that presunption is very sinple: under certain conditions
mar ket prices equal "social costs". Under these conditions
each consuner, in deciding whether or not to take an addi-
tional unit of the good in question, knows that he nust pay
the full costs that society will incur in producing that
additional unit of the commodity. Markets and prices then
guide us to a situation in which each consumer (and there-
fore society) takes only as nuch of the commodity as he
(and therefore we) are willing to pay for.
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Two kinds of “conditions” are necessary to this result.
First, economes of scale nust be exhausted with firm sizes
much smaller than market demand: otherwise one firmwll
grow to domnate the entire market, and there will not be
any conpetition between firms. Second, there nust be no
externalities, so that the costs to the firmof producing a
unit of the comodity reflect the full costs thereby inposed
upon soci ety.

Both of these conditions are violated in the case of electric
power. This simultaneous violation has brought the issue

of electricity rates to the forefront of environmental con-
troversy. The first condition is violated by econom es of
scale in the generation and distribtuion of electric power:
it is cheaper per KWH to supply nmore KWHs up to and beyond
the nunber of KWHs taken in large markets. Consequently, we
have devised the social institution of regulated nonopoly:

el ectric power conpanies are given a nmonopoly of their ser-
vice areas, so that society may reap the benefits of scale
economes. And they are regulated--their pricing and invest-
ment deicions are subject to the approval of public authori-
ties--in order to spare us the potential dangers of nonopoly
power .

The second condition is violated by the famliar “externa

di seconom es” of power generation- -air and thermal pollution.
Sone associ ated costs, for exanple the health costs of air
pollution, are not seen as costs by power conpanies, and
therefore do not enter into the determnation of prices.
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The wel | -known solution to this second problemis to
"internalize" external costs: in the last exanple, this
requires adding the health costs of air pollution to the
internal production costs of the polluting firm Health
costs wll then be reflected in prices, thereby restoring
a rough equality between price and social costs.

The inplenmentation of this sinple prescription faces severe
difficulties of practice. For, as we have enphasized above
el ectric power prices are regul ated nonopoly prices, set in
order to guarantee a "fair" return on capital. Consequently
it cannot be assuned that sonme sinple adjustnment of existing
prices will equate price and social cost. And there is a
further serious difficulty: the internal costs of power
production are rather conplex.

A maj or source of that conplexity is associated with the
"peak | oad" problem In the early hours of the day nuch
system capacity is sitting idle, so that the costs which
an additional user inposes upon society are essentially
only the cost of the fuel required to generate enough
electricity to nmeet that user’s denmand. But at sone hour
of the day the demands of residential, commercial and

industrial electricity customers will inevitably approach
system capacity. Al custonmers taking power at those peak
hours will, collectively, be inposing upon society, the full

capital costs of system capacity. The costs of serving
these users therefore include both fuel (or operating) cost
and capital costs.
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Qur purpose in this study is to take two essential steps in
the direction of a rationalization of the pricing of elec-
tricity: first, an examnation of the relationship between
existing prices and internal costs, and second, a quantifi-
cation of the potential benefits to be derived fromthe

redesign of rate structures. In this Executive Sumary
we will begin with a highly sinplified conceptualization of
the problem Then, bit by bit, we wll introduce the

conplexities and data difficulties which have forced us to
i nputation, approxinmation, or estimation. Finally, we
shal |l discuss the results of our enpirical work, and the
policy inplications of those results.

CONCEPTUALI ZATI ON OF THE PROBLEM

Consider Figure 3 of the report text, reproduced bel ow

That figure illustrates the distortions which arise from
failing to charge different offpeak and peak prices for a
commodity subject to a peak |oad problem A peak |oad prob-
| em ari ses whenever demand fluctuates nuch nore rapidly than
the time in which capacity can be adjusted to demand. (In
the case of electric power, demand varies sharply over the
wor ki ng day, while capacity takes years to plan and build.)
At the single price P, offpeak custoners take Kthffpeak

and peak custoners take KWHp, 32 W th these quantities de-
fined by the intersections of the P line and the of fpeak and
peak demand curves.

The problemwith this nethod of pricing electricity is that
it isinefficient. Economc efficiency requires that every
custoner pay the full increnental resource costs his consunp-
tion inposes upon society, no nore and no |ess. Depreciation
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Peak Demand

POffpeak

T KWH

Peak
Figure 3. Wlfare Gains from Peak Load Pricing

I's a resource cost, and the peak load pricing problemis
essentially a problemin assigning responsibility for de-
preciation or the maintenance of capacity; A priori, it
may appear that because there is excess capacity during

of f peak hours, offpeak users inmpose no increnmental capac-
ity costs upon society, Mre generating capacity need not
be built in order to serve these users: in fact, equip-
ment could be allowed to deteriorate slightly, capacity
could be reduced, and offpeak demand could still be mnet.
Thus, it may appear that because capacity is not scarce
during offpeak hours, the price paid by offpeak users
should not include a charge for depreciation. Further,

It may also appear that since capacity nust be maintained
in order to neet the demands of peak hour users, it is they
who nust pay a charge sufficient to cover depreciation.
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This solution is not entirely correct. Depreciation takes
two fornms: that associated with use and that which is in-
dependent of use. Any depreciation resulting fromuse
constitutes a resource cost inposed upon society by that
user. In the case of an electrical utility capacity is
scarce during peak hours, and if depreciation occurs when
electricity is supplied to offpeak users, then a scarce
resource has been used up, a resource cost has been inposed
upon society, and the price charged to offpeak users should
legitimately include a charge for this depreciation
(bviously the sane holds for any depreciation associated
with use by peak hour users.

The situtation is quite different for depreciation which
cannot be attributed to use. Since offpeak users are neither
contributing to such depreciation nor demanding that capacity
be maintained, they are not inposing a resource cost on
society, and the price which they pay should not reflect this
type of depreciation. However, if peak hour demands for
power are to be met, capacity nust be maintained. Al though
peak hour users cannot be said to be causing non-use depre-
ciation, their demand for electricity inplies the need to

mai ntain capacity and inposes a resource cost on society.
Hence the price charged these peak users nust be sufficient

to cover both use and non-use depreciation, normal return
on investment, and incremental operating costs.

Since nost depreciation in the electrical utility industry
Is not attributable to use, the efficient prices are
POffpeak to offpegk users, where POffpeak is equal to the
incremental operating costs of serving these users, and

I's the sum of increnental
Ppeak Fo on peak users, where Pp. g |
operating costs and incremental capacity cost.
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The shaded areas in Figure 3 represent the |osses to society
fromincorrectly pricing the coomodity at P. At price P

of fpeak users are being denied consunption which they val ue
nore than the resource costs (POffpeak) that consunption
woul d i mpose upon society, and MWip i's the nmagnitude of those
losses. Simlarly, at price P peak users are being charged
l ess than the resource costs (Pp,,q) they inpose upon society
by their consunption, and the area AWp represents the socia
gain available if current price Pis raised to Ppeak? there
elimnating inefficient consunption. Correct pricing wll
give net social benefits equal to AWyp + AWy «

DI FFI CULTI ES OF | MPLEMENTATI ON

I mpl enentation of this scheme runs up against many practi-
cal difficulties, and here we set out the nost prom nent,
together with some comments on their resolution

Demand

In Figure 3, we have drawn two demand curves, one for the
of fpeak hours of the day and one for the peak hours of the
day. The demand for electric power fluctuates over the 24
hour daily cycle, and we have taken as "the" peak period of
every 24 hour day that eight hour period in which the larg-
est KWH total is generated. (Electricity demand al so ex-

hibits a seasonal peak, with average daily consunption
peaking in some nmonth of the year. This seasonal peaking

problemw || concern us later; our focus here is on the
daily peak.)
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In order to conpute the potential welfare gains &W,p and
AWp, we need to know how nuch of fpeak and peak demands
change as of fpeak and peak prices change. The technica
termfor the required neasure of price sensitivity is price
elasticity: the information we require is offpeak and peak
price elasticities. But existing studies of the price elas-
ticity of the demand for electricity generally estimate the
price elasticity of total demand--offpeak plus peak demand--
and do not try to estimate the price elasticities of off-
peak and peak denmand separately. W were therefore forced
to use the best of recent studies of overall denmand el as-
ticity, and to assune that peak demand is independent of

of fpeak price- -and vice versa. The latter assunption is
unconfortable, especially in the long run, since there
woul d al nost certainly be some shifting in tenporal pat-
terns of electricity consunption in response to relative
price changes. Mreover, it is the long run--the time span
in which capacity can be adjusted--that interests us nost.
The welfare gain AW, in Figure 3 arises in part because
society is spared the incurrence of the costs of provision
of sonme inefficient capacity, and that capacity adjustnent
can only be nade in the long run. Note that were prices

off peak |owered so as to capture the welfare gain AWops
electricity consunption offpeak would be increased--as
woul d be environnental degradation, the costs of which are
not counted in AWyp- For t hese reasons, we have, in our
wel fare gain estimates, used AWp, which can be used without
reservation as a |ower bound welfare gain estimate. After
a survey of available econonetric elasticity estimtes we
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adopted those of Chaprman, et. al., because of the exceptiona
quality of their econonetric work and their estimation, on a
conparabl e basis, of elasticities by custoner class (residen-
tial, comercial, and industrial) and by state. Their |ong
run elasticity estimates are roughly equal to one.

Cost

I n f%aure 3 we have drawn two horizontal lines at Poreneak
and “Peak’ and these represent the increnental cost of “serv-

ing of fpeak and peak users respectively. That sinple repre-
sentation covers a multitude of conceptual and enpirica
difficulties in the estimation of these incremental costs.

The offpeak incremental costs of delivering an additiona

KWH to a custoner are relatively easy to estimte, since the
are essentially the fuel cost of generating an additional KW
Strictly speaking, that cost is different from hour to hour
for every electric utility has a stock of generating units c
various ages and sizes. Typically, the older and snaller
units are less efficient, and in order to mnimze operating
cost, the units are brought on line in ascending cost order
At any nonent, the offpeak incremental cost of delivering an
additional KWH is therefore approximtely equal to the genera-
tion costs of the least efficient unit operating at that
monent. Further, it costs nore to deliver a KWH to a residen-
tial custonmer than to an industrial custoner, since there ar
energy losses in the |ow voltage distribution system serving
residential customers. But these differences are relatively
smal |, and we have taken average fuel cost as an approxi mate
measure of the offpeak cost of delivering a KWH
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The peak increnental costs of delivering an additional KW
to a customer are much nore difficult to estimte, since
that requires the allocation of capacity costs anobng cus-
tomer classes. There is inevitably sone arbitrariness in
these allocations, but our exploration of a range of reason-
able procedures led to little quantitative variation in re-
sul ts.

Pricing

Qur purposes in naking estimates of the costs incurred in
serving offpeak and peak custoners of various types (residen-
tial, comrercial and industrial) are two: first, to allow
us to conpare present prices charged for each of these kinds
of service with the costs incurred in providing that service;
and, second, given that conparison, to suggest inprovenents
in rates--methods of pricing electricity--which will better
approximate price cost. W therefore turn to a summary of
our treatnent of the pricing problem

In Figure 3, a single horizontal line P represents the pres-
ent price of electricity. The reality is nore conplex; elec-
tricity is generally priced at a quantity discount, in so-
called declining block rates. Any customer taking a specified
anount of energy under a schedule is paying sone definite mar-
ginal price and sone definite average price, but he is not
paying any single price. In order to quantify his sensitivity
to price changes, we need to know what kind of changes he is
sensitive to--marginal, average, or both.

There is no firm basis for asserting that, e.g., residentia

custoners are responsive only to average prices or that indus-
trial customers will shift their tinme profile of electricity
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consunption in response to price differentials between peak
and offpeak. But a reasonable argument can be nmade for such
a typol ogy of custoners.

Assunme that every consumer reacts optimally to the options
open to him Then any consumer of electricity will allocate
time to the electricity consunption decision to the point
where marginal benefits of such tinme--the reduction in elec-
tric bill resulting fromthe incremental mnute spent in
maki ng the electricity consunption decision-- just equal the
increnental costs involved (in this case, the value of the
increnental minute in its next nost valuable use). The out-
cones of this allocation decision process will be classified
intwo dinensions: time differentiating versus tine-undif-
ferentiating consunption decisions, and average price respon-
sive versus nmarginal price responsive consunption decisions.
Table 7 of the text sets out this typology, and is reproduce
bel ow

Table 7. A TYPOLOGY OF ELECTRICITY CUSTOMERS

Ti me Ti me
Undifferentiating | Differentiating

Average Price Responsive | N
Margi nal Price Responsive L1 IV

Custoners in Category | have found it optimal not to distin-
gui sh between average and marginal prices in their electric-
ity consunption decisions. For these custoners, the existence

of block rates is irrelevant, since they would make the sane
consunption decision at a flat price equal to the average
revenue they are currently paying. Customers in Category Il
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elect to pay the cost of differentiating between their con-
sunption on and of fpeak by paying the additional costs of
netering peak and of fpeak consunption separately. By assunp-
tion, they are insensitive to any differential between aver-
age and marginal prices on peak, and to any differential be-
tween average and marginal prices off peak. They do distin-
gui sh between average peak period price and average of f peak
price.

Custonmers in Category IlIl do not find it optinmal to distin-
gui sh between peak and offpeak consunption, but they find it
optimal to distinguish between narginal and average price.
Finally, custoners in Category IV find it optimal to distin-
gui sh between consunption in both dinmensions: between power
taken of f peak and at peak, and between average and nargi nal
prices paid for electricity.

So much for typology: which kinds of custoners belong where?
There are no unanbi guous guidelines. Thus, it is not entirely
clear that all custonmers on a given.rate schedule belong in a
single category. Large residential users, for exanple, may
have some marginal price sensitivity and may therefore bel ong
in Category |11, whereas very snall residential users al nost
certainly belong in Category I.

Qur identifications of rate schedules wth categories of the
above typology are as follows.

Cat egory |

This category is the domain of small residential and comrer-
cial users. The relevant question regarding possible inprove-
ment in rate structures is then restricted by the assunptions

ES- 12



that consunmers in this category do not, for information cost
reasons, distinguish either marginal and average price or off
peak and peak consunption. The only renaining policy quest
is then as follows: how nuch "better" can we do by changing
the average KWH prices paid by custoners on individual rate
schedul es? For exanple, how much better can we do, in terns
of our welfare measures, by slightly raising the average price
per KWH paid by commercial custoners, and by sinultaneously
slightly lowering the average price per KWH paid by industrial
custonmers? To the extent that the derived quantitative mea-
sures are reliable, they indicate that available gains are

ligibly small.

Category ||

W will conpute net benefit neasures for all rate schedul es
the sanple conpanies as if it were the case that custoners
average-price responsive--that they have found it optimal n
to distringuish between peak and offpeak consunption. For
residential custoners, presently netered on. a KWH nonthly or
bimonthly basis, this will require netting of the additiona
cost of double-rate registers required to charge differential
rates off peak and on peak. A warning regarding the full spec-
trum of benefits and costs for double rate register metering
is in order: there is a potentially serious drawback to do
rate register netering of offpeak and peak hours. Should
service to a given area be interrupted and restored in any
time interval not a nultiple of 24 hours, the correct setting
of the double rate register shall have been lost. It would
be necessary to meter on a KWH basis, taking the sinple summary
of the offpeak and peak registers as the relevant nunber of
KWH, until the tine at which the neter was read; at that tine
the reader could, reset the device. The evaluation of this
problem is beyond the scope of this report.
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Category |11

The prinme candidates for Category Ill are large residenti al
users if it is assuned that, for some reason, there is no
possibility of differentiating between offpeak and peak usage
for these custonmers. Again, recall that all custonmers on a
given rate schedule need not necessarily fall into the sanme
category of our typology. Nevertheless, as we will see in
our analysis of Category I, there is little to be gained
from pricing changes which do not discrimnate between off-
peak and onpeak consunption. However, there is still the
possibility of "inplicitly" differentiating between of f peak
and peak, and our nmmjor estimate corresponding to Category
[1l is the estimation of an upper bound on the gains attain-
able frominmplicit differentiation. How mght this work?
Suppose that some electric utility had a declining block
rate schedule with two blocks, with the tailblock | ower than
the first block. Suppose further that tailblock custoners
buy all their electricity on peak, while first block cus-
tomers buy all their electricity off peak. Then we can in
some nmeasure sinulate peak load pricing by raising the tail-
bl ock and lowering the first block. Advocates of "rate in-
version" often argue for sonething like this, and we wll
calcul ate a rough upper bound on the potential welfare gains
associated with one kind of rate inversion proposal

Category |V

In Category IV we place our |arge conmercial and industrial
users. They incur little incremental expense in differen-
tiating betwen their consunption off peak and on peak, since
utilities generally know the instantaneous | oad being pulled
by their individual l|arge custoners, and those custoners
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general |y know the loads they are pulling. Some of these
custonmers also have that information. Simlarly, there is
little increnmental expense to be incurred by a "switch" from
average price sensitivity to marginal price sensitivity: so
| ong as soneone is watching the electric bill, the additiona
cost of watching it in a slightly different way is negligible
For these custoners, a relevant benefit/cost question is:
what is the magnitude of the gains likely to be had fromtine
differentiated pricing, e.g., a better nmatching of peak peri
(perceived) prices and costs? Some technical problens nake
this conparison less than straightforward. But we shall see
that it can be made, and that the attainable gains are probably
substantial .

External Costs and Welfare Gain Masures

Al'l of the costs we have described are strictly internal to
the firm The welfare gain neasures depicted as the shaded
areas of Figure 3 are constructed on the assunption that the
horizontal |ines POffpeak and Poeak reflect all the increnen-
tal costs of offpeak or peak consunption, and since |owering
the offpeak price will expand offpeak consunption and the
correspondi ng external costs, we cannot confidently assert
that we gain AW,, by such a change in price. But raising the
price of peak electricity restrains peak consunption, and
spares us both AWy, in welfare |oss and the associated externa
costs. Consequently, the welfare gain neasures we report ar

our eval uations of AWP al one.

ES- 15



VELFARE GAI N ESTI MATES

Cat egory |

The eval uation of several welfare gain neasures subject to
the stringent assunptions defining this category--that cus-
tomers are average price responsive and do not distinguish
bet ween of f peak and peak consunption--gave negligible bene-
fit estimates. This line of work was pursued no further

Category ||

Custoners in this category were assuned to distinguish be-
tween of fpeak and peak consunption, but not between average
and marginal price. In terms of Figure 3, we need PCffpeak
and Ppreak for each custoner class, and we take for denmand
elasticities the average price denmand elasticities reported
in econometric studies. For residential customers, we nust
renenber that additional netering costs will be inposed if
we distinguish off peak and peak, so that for this custoner
class these costs nust be netted from benefits.

For each electric utility and for each rate schedule, two
kinds; of AWp were conputed. The first of these measures is
the gain to be derived from a peak period price increase
whi ch di m ni shes peak consunption by 10 percent; the second
Is the gain associated with peak prices equal to full peak
costs.

The nunerical results obtained are fairly consistent across

our sanple of electric utilities. The estimate of AW, based
upon a 10 percent decrease in peak consunption was generally
a small dollar figure, of the order of hundreds of thousands
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of dollars. The estimate based upon full peak cost was typi-
cally a much larger dollar figure, of the order of mllions
or tens of mllions of dollars. W believe that a reasonable
interpretation of this divergence is as follows. The analysis
determ nation of the "true" figure somehow nust attach weigh
to these two bounds, and those weights are unavoidably judge
mental.  Qur inclination, based upon our experience wth the
cost data, is to favor the higher estimate: that expected
social returns to the full cost pricing of peak power are sub-
stantial .

Category 111

Custoners in Category IIl are assumed not to distinguish be-
tween of fpeak and peak consunption, but to be marginal rather
than average price responsive. Large residential custoners
are prototypical of this category. The best hope of sinulat-
ing an offpeak versus peak price differential to these cus-
toners is to exploit whatever correlation there may be between
nmont hly consunption and |oad pattern. It is wdely suspected
that tailblock customers--custonmers with high nonthly consum
tion--take a disproportionate anount of their electricity on
peak. Studies to test this hypothesis are only now being do
by many major systens, and sone private comunications of pri-
limnary results | end support to the idea.

In order to estinmate the potential social gains froma seri-
ous attenpt to use the block rate structure to sinulate off-
peak-peak differentials, we have nade an extreme assunption
and conputed benefits on the basis of that assunption. W
assume that all tailblock consunption is on peak, and we esti-
mate the benefits associated with raising the tailblock prices
to the level of the first block price. The proposal has been
one frequently advanced by advocates of so called rate inver-
si on.
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For all electric utilities in the sanple, the resulting wel-
fare gain estimates are of the order of mllions of dollars.
The policy inplications seem clear: the expected social
gains fromthe use of residential rate block |oad curve in-
formation to sinulate peak period pricing are substantial
Neverthel ess, this method nust be inferior to direct peak
period pricing via double register netering.

Category |V

Recal | that customers in Category IV are assunmed to be both
margi nal price responsive and to be able to distinguish be-
tween of fpeak and peak consunption. Estimates of the poten-
tial social gain AW, from correct pricing of peak electricity
can then be derived as follows. Fromthe existing rate struc-
tures filed by the individual conpanies, we can determ ne what
comercial and industrial custoners actually pay for power
taken during peak hours: this corresponds to a determnation
of Pin Figure 3 above. From our estimates of the cost of
providing peak power to these customers, we have an estimte
of PPeak in Figure 3. And finally, use of our econonetric
estimates of average price demand elasticities together wth
the relationship between average and marginal price elastici-
ties gives us an estimate, by state and custoner class, of
marginal price elasticities.

The eval uation of AW, by system season, and custoner class
is then routine, and the results are conpiled in Colum 9 of
Table 46. The dollar estimates of potential gain are large
for all systems. The policy inplication is again clear: there
are large benefits to be expected from novenment towards a sys-
tem of peak pricing of large commercial and industrial con-
sunpti on.

ES-18



We conclude this executive summary with a brief recapitula-
tion of our conclusions and reconmendati ons.

CONCLUSI ONS

The maj or di screpancy between cost to the power conpany and
price charged the user is associated with the large differ-
ence between the costs of serving offpeak and peak custoners
and the failure of existing rate schedules to reflect that
cost differential in different prices. FEach custoner class
(residential, comrercial, industrial) has distinctive charac-
teristics which nmust be considered in evaluating proposals
for better reflecting the offpeak versus peak cost differen-
tial in prices. For all customer classes, there are probably
| arge net benefits to be derived from doing so.

For residential and small commercial custoners, there are two
ways in which the price differential between offpeak and peak
power can be comunicated to the custonmer. First, by double
register netering, the custoner's actual consunption can be
netered separately off peak and on peak.

Second, customer |oad curve surveys can provide information
on the contribution of customers in the different blocks of
the systems block rate structure, and that infornation can
be used by the system to approximate an of fpeak versus peak
price differential. Estimates of the potential benefits to
be derived indicate that both methods would be a substanti al
I nprovenent over current pricing practice; direct double reg-
ister metering, a "first-best" peak pricing nethod, is pref-
erable to "second-best" methods based upon rate block |oad
curves.
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For large commercial and industrial custoners, the change-
over to a pricing systemreflecting the of fpeak versus peak
cost differential would not require major changes in utility
practice, since conpanies generally nonitor these custoners

| oads individually and on a half hourly or hourly basis.
Estimates of the potential benefits to be derived from such
a changeover indicate that they are substanti al

RECOMMENDATI ONS

Two kinds of recomendations follow from our work. First
there are policy reconmendations which can be made based on
what can be learned fromexisting data. Second, there are
recommendations for inproving the data base upon which al
rate making rests.

Residential and small commercial custonmers can and should be
nmetered with double rate neters. It is of particular inpor-
tance that peak hour prices be brought into closer alignment
with peak hour costs.

Large commercial and industrial custonmers can and should be
charged rates which distinguish between peak hour and off-
peak hours.

For all classes of custoners, there are relatively sinple
ways of quantifying the cost differential between offpeak
and peak power. A quantification of this difference should
be required in rate proceedings before public utility com
m ssions, and it should be incumbent upon a system applying
for a rate increase to denonstrate that there is no better
way to reflect the offpeak versus peak hour cost differen-
tial in prices.
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Public service conmssions should require that conpanies do
the demand elasticity studies that can easily be done wth
data every system accunulates in the course of time, i.e.
customer Dbill histories.

Public service conmi ssions should require that conpanies do

custoner class load curve studies, in order to establish the
contribution each custoner class makes to the system peak in
each season.

Public service conmm ssions should require that, if the block
rate structure based upon nonthly consunption is to be re-
tained for residential and small commercial customers, then
the conpany in question do customer surveys of customers in
i ndi vi dual bl ocks, so that the contribution of each block to
the system peak can be established.
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SECTI ON |

CONCLUSI ONS, RECOMMENDATI ONS  AND | NTRCDUCTI ON

CONCLUSI ONS

Central to the evaluation of any industry is the relation-
ship between internal production cost and selling price:
price, the anount a potential consunmer nust sacrifice for
another unit of consunption, nust equal the cost that pro-
duction of that last unit inposes upon society, otherw se
resources are being msall ocated.

In the case of the electric power industry, there are two
speci al circunstances which make the conparison of price and
soci al cost somewhat difficult. First, there are high exter-
nal costs associated with the thermal generation of electric
power: thus air pollutants inpose health costs, but those
health costs are borne by individuals and not by the power
company.  Second, electric utilities are regulated nonopolie
whose price and investnent policies are publicly regul ated,
so that even the relationship between price and internal cost
Is not what it is in conpetitive sectors of the econony.

This study was notivated by the first of these two speci al
circunstances, i.e., high external costs. But our enphasis
Is alnmost entirely upon the second--the fact of regulation--
and our objective is a better understanding of the relation-
ship between price and internal cost. \& believe that a clever
understanding of that relationship is an essential step to-
wards the rationalization of pricing and capacity decisions
in the industry.



We find that the major discrepancy between internal cost and
price arises fromthe sharp cost differences between peak and
of f peak el ectric power and the failure of nobst existing elec-
tric rate schedules to reflect that cost differential. Each
custoner class--residential, comercial, and industrial--has
distinctive characteristics which nust be considered in eva-
luating proposals for reflecting that cost differential in
prices. For all customer classes, however, there are probably
| arge benefits to be derived from doing so.

For residential and small comnmercial custoners, there are two
ways in which the price differential between of f peak and peak
power can be communicated to the customer. First, by double
register netering in which the custoner's actual consunption
is metered separately offpeak and on peak. Second, customer

| oad curve surveys can provide information on the contribution
of custoners in the different blocks of the system s bl ock
rate structure, and that information can be used by the system
to approxi mate an offpeak versus peak price differential
Estimates of the potential benefits to be derived indicate
that both nethods would be a substantial inprovement over
current pricing practice.

For large comrercial and industrial customers, the changeover
to a pricing systemreflecting the offpeak versus peak cost
differential would not require najor changes in utility prac-
tice, since conpanies generally nonitor these customers' |oads
individually and on a half hourly or hourly basis. Estinates
of the potential benefits to be derived from such a changeover
indicate that they are substantial.



RECOMMENDATI ONS

Two kinds of recommendations follow from our work.  First
there are policy recomendati ons which can be nade based
upon what can be learned from existing data. Second, there
are recommendations for inproving the data base upon which
all rate making rests.

Residential and small comercial custonmers can and should be
metered with double rate neters. It is of particular inpor-
tance that peak hour prices be brought into closer alingnent
with peak hour costs.

Large commercial and industrial customers can and shoul d be
charged rates which distinguish between peak hour and off
peak hours.

For all classes of custoners, there are relatively sinple
ways of quantifying the cost differential between off peak
and peak power. A quantification of this difference should
be required in rate proceedings before public utility com
m ssions, and it should be incunbent upon a system applying
for a rate increase to denonstrate that there is no better
way to reflect the peak hour cost price differential in

prices.

Public service conm ssions should require that conpanies do
the demand el asticity studies that can easily be done with
data every system accunmulates in the course of tine: custo-
mer bill histories.

Public service conm ssions should require that conpanies do
custonmer class |load curve studies, in order to establish the



contribution each custoner class makes to the system peak in
each season.

Public service conm ssions should require that, if the bl ock
rate structure based upon nonthly consunption is to be re-
tained for residential and small commercial custoners, then
the conpany in question do customer surveys of customers in
i ndi vidual blocks, so that the contribution of each block to
the system peak can be established.

| NTRCDUCTI ON

The Overall Franmework

This study was undertaken in the hope of obtaining a nore
dependabl e and quantitative grasp of a related set of prob-
lens critical to environnmental managenent. At the center of
that set of problens is the pricing "policy" of the electric
power industry. It is no longer necessary to discuss the

i mportance of energy in general, and electricity in particu-
lar, in environmental management. Qur concern is with one
possi ble dinension of that set of problens: the possibility
that they are either exacerbated or nade nore intractable or
both because of the way in which electric power is priced.

It is a well-known principle of welfare econom cs, now w de-
|y absorbed into the conventional w sdom that perfectly com
petitive markets guarantee a result--in terns of price, the
|l evel of output, and the level of capacity in the industry--
which in sonme sense is the best possible--the optimal--result
Crudely, this means that no custoner who values the particul ar
good or service at least as highly as the social opportunity
cost of satisfying his demand is |left unsatisfied: that, at



the margin, the last custoner is paying exactly the costs he
in‘poses upon SOCi ety for the increrrental Unit d out put The

useful ness of the conpetitive nodel in public policy analysis
arises because, 1N those situations requiring measurement of
departures from optimm performance. The nmodel suggests tho
policies nost |ikely to nudge an inperfect market towards the
conpetitive outcone.

Turning to the electric power industry, which departures from
Conpetitive industry structure: are nost likely to lead to
suboptinal perfornmance? Electric power is a regulated indus-
try, and the conventional rationale for regulation rests upon
a feature of the industry which rules out a conpetitive indus-
try structure. Usually referred to as |ong run decreasing
average costs, the essence of this problemis that there are
econom es of scale over the whole range of the market--that
nore of the market of the typical electric utility is served
by a single utility, up to the extent of the market, |arger
plants with | ower unit costs can be used, and the market
served at [ower cost. It would inpose needlessly high costs
of power production upon consuners of electricity to allow
more than one producer of electricity to serve the market.
Thus our resort to regul ated nmonopoly in the provision of

el ectric power. Next, the market failure associated with
external costs is of obvious relevance to the electric power
industry. The best known of these is the emission of parti-
culates and of noxious gases into the anbient air during the
process of conbustion. To the extent that final product
price- -in this case, the price of electricity to the fina
user--does not adequately reflect the full social costs of

production, actual industry output can be expected to be
| arger than the social optinmm



The solutions to the departures from conpetitive optinmm

whi ch arise fromlong run decreasing costs and from external
costs have becone alnost as well known as the problens them
sel ves. For the first, the welfare econom st prescribes re-
gul ated monopoly, with prices equal to marginal cost and the
resulting deficit covered by a subsidy or, if the enterprise
Is constrained to balance its budget, so-called second-best
margi nal cost pricing: prices which depart from marginal cost
So as to mnimze the resulting distortion of consunption
patterns from optimum And for external costs, the well-known
prescription is internalization. Through effluent fees or
equi val ent devices, producers nust be nade to feel the ful
social costs inposed by their production processes; prices,
comuni cated to consuners, beconme correct signals to those
consunmers of the resource costs inposed upon society by their
consunption deci si ons.

It would seemthat, in applied work, we need only exam ne
particular industries with these standards, and shape policy
recommendations in accord with these standardized correctives
Sadly, things are infinitely nore conplicated, and especially
so in the case of the electric power industry. As elsewhere,
we do not have an accurate neasure of the social costs of the
environmental inpacts associated with the industry as a whole
let alone with particular conpanies or with particular plants
As el sewhere, we do not have certain but rather only hazy know
| edge of demand conditions; worse, demand varies rapidly over
tine--there is a "peak |oad" problem-so that our crude nea-
sures of demand are even further renoved than usual fromthe
underlying reality.

But the applied welfare economst is used to this sort of ad-
versity. There is no excuse for defeatism There can be no



preci se determnation of "the" optimm of welfare theory.
But intelligent conceptual and enpirical work can guide us
inthe identification of inefficient aspects of present
policies, and can establish where the main chances for im
provenment |ie.

That conceptual and enprical work proceeds through the body
of the report. In Section Il, we review econonetric work on
electricity demand, with an eye |less on a conprehensive re-
capitulation of this literature than on the selection from
that literature of a set of demand el asticities which, much
later in Section IV, enter directly into welfare estimates.
In Section Ill, we enter into the cost side of power produc-
tion, again with the sanme limted objective: the derivation
of cost neasures required for those welfare estinmates. Fi-
nally, in Section IV, come the estinmates thenselves. The
remai nder of this Introduction treats a problem of rel evance
to every portion of the report, the selection of a sanple of
conpanies used in the enpirical work done in |ater Sections.

SELECTION OF A SAMPLE OF COWPAN ES

Qur sanple of systens should be representative in at |east the
foll ow ng senses:

Cearly it should be representative of the ownership struc-
ture of the industry. In 1970, the approxinmately 250 in-
vestor-owned systens generated roughly 80 percent of total
continental United States net generation. There are, of
course, publicly-owned systems with significant generating
capacity, e.g., the Tennessee Valley Authority. But, our
focus in this study is upon pricing practices comon to
public and private sectors of the power industry. W have



therefore restricted our sanple to Class A investor-owned
utilities, utilities having annual electric revenues of

$2, 500, 000 or nore.

Further, our sanple should be representative of the variation
in cost structure found within the industry. |If we are to
neasure the success or failure of the industry in tailoring
rates to cost, the full variation in cost conditions shoul d
be represented. Two of many determ nants of the cost struc-
ture of electric service are location and |oad pattern

There are sharp regional variations in cost structure associ -
ated with the availability or unavailability of cheap hydro-
el ectric or cheap conpetitive public power. The nature of
the market--the mx of residential, comercial, and industri al
markets, and the specific tine pattern exhibited by each of
these | oads--varies between regions. For exanple, Southern
systems have in recent years typically become summer peak
systens, with maxi numsystemload tied to the growth of the
air conditioning |oad.

Thus nuch of the variation across systens is ultinmately re-
gional in nature, and our selection process was desi gned
accordi ngly. First, all dass A conpanies were assigned to
Federal Power Commission, in part, in order to divide the. con-
tiguous United States into regions of roughly simlar cost
and |load characteristics. Next, the systems within each
region were cross-classified with respect to capacity, by

timng and size of system peak, and as conbination* or non-
conbination utilities. Fromthis classification we selected

% . . L .
Conmbi nation utilities sell both gas and electricity; non-
conbination electric utilities sell only electric energy.



38 systens, distributed over the regions in rough conformty
with the distribution of system characteristics within each
region. Al of those 38 systens were contacted, and the 10
systens whi ch seened nost di sposed towards cooperation wth
the study then becane the study sanple.

In this report, full results are presented for five systens.
Even this small sanple enbraces consi derabl e geographic di-
versity and therefore considerable variation in cost and

| oad conditions. This should be kept in mnd through al

of what follows. W feel that a good sign that our pro-
cedures are relatively robust against many of the inevitable
arbitrary assunptions and inputations enployed along the way
Is the uniformty--in order of magnitude terms--of results
across the sanple.



SECTION ||

THE DEMAND FOR ELECTRI C PONER

Any conparison or ranking of rate structures depends, ulti-
matel y, upon know edge of cost structure and of demand
Implicit in every argunent over rates is some disagreenent
over either cost or demand or both. W woul d suggest that
the electric utility industry has, on the whole, better
explored the cost side than the denmand side, and for obvious
reasons: utility expenses are registered as tangible dollar
outflows, while the economcally rel evant neasure of demand
nmust be reconstructed from a quantity neasure, instantaneous
system | oad.

In our discussion of rate making, we wll necessarily resort
to a hedged dependence upon the results of econonetric
studies of demand. The hedging is required, in part, by
Henri Theil's dictum that nodels are to be used, but not
necessarily believed. Mre seriously, the elasticities crit-
ical to rate making- -the elasticities of (daily) offpeak and
peak demand for electricity- -have never been directly esti-
mated. In view of these constraints, our purpose in this
chapter is not a conprehensive view of the econonetric denmand
literature but rather an assessnent of the conceptual differ-
ences underlying the various estinmates, a defensible ration-
ale for our ultimate choice of elasticities, and a working
know edge of their limtations.
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THE ECONOMVETRI C EVI DENCE

In the course of our discussion of the econonetric evidence
we refer to several tables sunmarizing the scope, nethod and
enpirical results obtained in the major papers. Table 1 is
cross conparison of nmarkets studied and the nature of the data-
base. Table 2 enunerates and defines the relevant variabl es
and specifies the units in which they are nmeasured. Table 3
provi des a conparison of regression results obtained by the
various authors in estimation of constant-elasticity equa-
tions for residential demand, so that all variables are to
be thought of as natural |ogarithns: thus KWHt(s,b;a) refer
to the natural |ogarithmof the nunber of thousands of KWH
sold, in period t, to customers in block b, of rate schedule
S, inregion a. W proceed to a general discussion of the
nunerous places at which an econonetric study of electricity
demand must neke essentially judgmental choices.  Subsequent -
l'y, in our discussion of the individual papers, we wll

exam ne the choices made by sone individual investigators.

ECONOVETRI C ESTI MATI ON OF ELECTRI CI TY DEMAND: GENERAL
PROBLEMS

To begin at the beginning, the theory of consuner behavi or
tells us that demand for any commodity depends upon the
price of that comodity, upon incone, and upon the prices of
all other commodities. A glance at that fornul ati on suggests
the difficulties of application to the electric power case.
In order of descending intractability these are:

(a) The definition of price: electricity is charac-
teristically sold at block rates, i.e., at a
quantity discount, so that there is no one "price."
Stated in another way, marginal price and average
price differ, in contrast to the situation, for

11
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ELECTRICITY DEMAND?

Table 1. AN OVERVIEW OF THE CENTRAL ECONOMETRIC PAPERS ON
Markets
Studied Data Base
o
]
~t i 0N
Paper R R it 1] -
+ 14 ] lal [ -~
g~ & ) o o
0w |[o 0 v
~ sleo o n t
Q ord E g 0 1] o
L= 0 2 o [=] E =4
o Q| O = Fu ot o
= [ &) - (8] (3] [
. . Residential s
(Fisher and Kaysen, 1962) Induseria X X 47 State data | 1946-1957
(Halvorsen, 1971) 48 Contiguous 1961-1969, MJTEMP time series (for
state data for | inclusive, for each state) developed as:
all variables |{ each state average of MJTEMP for
except MJTEMP three largest cities in
that state
(Wilson, 1971) I; X 77 Cities Utility price, quantity
pp. 11-13 data based upon utility
service areas
1I; X 83 SMSA's
pp. 13-16
(Baxter and Rees, 1968) X 1954-1964
Quarterly data
on 16 British
industry groups
(Anderson, 1971) X 48 Contiguous | 31 states in A unified energy supply-
state data for | 1958; 29 states demand model
SIC primary in 1962 ’
metals indus-
try
{Chapman et. al., 1973) X1 X |X 48 Contiguous {1946-1970 MJTEMP series (for each
state data inclusive state) taken as mean
January temperature for
largest city in each
state
(Smith et. al., 1973) XX (X 7 New York 1951-~1970
State utilties

aReferences are compiled at the end

of the report.
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Table 2. VAR ABLES, UNITS, AND NOTATI ONS EMPLOYED | N ECONOVETRI C STUDI ES
OF THE RESI DENTI AL DEMAND FOR ELECTRICI TY

Vari abl e Uni t Definition
Quantity and KWH_[s,b;a] 10°KWH per KWH sales to custoners in
Q her period bl ock b of rate schedule s,
| ndependent in the tth period, in
Vari abl es region o
KWH, [s;0] " KWH sal es to custoners on
schedule s in period t, in
region o.
KWH_[s,b;a] " KWH sal es per custoner in
B Ts,bial block b of rate schedule s
glS, bic in the t== period, in rate'
schedule a
KWH/HH, [s ;0] " KWH sal es per househol d on
rate schedule s, in the tth
period, in region a
KWH/B, [s; 0] " KWH sal es per custoner on,

rate schedule s, in the t==
period, in region o

PCTAPY, [a] Percent of hones in service
area (roughly coincident
with region o) with at |east
one unit of applicance
installed, in the tth period
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Table 2 (continued). VAR ABLES, UNITS, AND NOTATI ONS EMPLOYED | N ECONOVETRI C
STUDI ES OF THE RESI DENTI AL DEMAND FOR ELECTRI O TY

Vari abl e Uni t Definition
Dependent NOMREV, [s,b;a] Cents per Nomi nal revenue per KWH for
Vari abl es: KWH custoners in block b of
Omn-Price schedule s, in the tth

period, inregion o

NOMREV [s;a] " Nom nal revenue per KWH for
custofiters on schedulle s, in
the tI0 period, in region o

NMQREV, [s,b;a] " Nom nal marginal revenue

for custonmers in bloc b of
schedule s, in the tth
period, in region o

REREV, [s,b;a] Real revenue per KWH for
custoners in block b_of

schedule s, in the tth

period, in region o

REREV, [s;a] Real revenue per KWH for
_ custoners on schedule s, in
the tth period, in region o

RMQREV [s,bj0] Real marginal revenue for
customers in block b pf

schedule s, in the tth

period, in region a

FPC, [s,500,0] Federal Power Commi ssion
typical bill for, e.g..,
custoners on schedule s, in
the tth period, in region
a, taking 500 KWH per nonth
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Table 2 (continued).

VARI ABLES. UNI TS, AND NOTATI ONS EMPLOYED | N ECONOVETRI C
STUDIES OF THE RESI DENTI AL DENMAND FOR ELECTRICTY

Vari abl e Uni t Definition
Dependent NOMNG_ [r;a] Cents per Nomi nal revenue per therm for
Vari abl es: Therm natural gas customers on rate
Prices of Cose schedule r, in the tX%
Substitutes period, in region a
RENG, [r; ] " Real revenue per therm for
natural gas custoners
NOMDIS, [a] Dol | ars Nomi nal price of distillate
er . oil, inthe tth period, in
arrel region a
CPIEL, Consuner price index for
electricity in the tt& period
CPING, Consuner price index for
natural gas in the tth period
CPI, Gener al epnsuner price index
in the t¥2 period
Dependent MFY  [a] Dol | ars Median fam |y income, in the
Vari abl es: per Year tth period, in region o
| ncome _ _
MHEMFG, [a] Dol | ars Average hourly earnings in
. per Hour manuf act uring
DPIPC, [a] Dol | ars Di sposabl e personal inconme
per Year per capita
per Capita
O her POP, [a] Thousands PoBuI ation of region a in the
Vari abl es: tth period
Denogr aphi ¢
PCTURB, [o] Percent of ofl region liying in
in urban areas in the tth
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Table 2 (continued).

VARI ABLES, UNITS, AND NOTATI ONS EMPLOYED | N ECONOVETRI C

STUDIES OF THE RESI DENTI AL DEMAND FOR ELECTRICI TY

Vari abl e

Uni t

Definition

O her
Vari abl es:
Denogr aphi ¢
(conti nued)

Q her
Vari abl es:
Market
Characteristic
Vari abl es

HS/HH, [a]
BPCt[s;a]
R/HSE, [a]
Bt[s,b;a]
Bt[s;a]

PCTRVT, [o]

FUELSG, [a]

R/1S, [o]

Roons per
House

Cent s EFr
10° BT

Number of houseﬁ per house-
hold, in the til period, in
region o

Nunber of customers per
capita on rate schedul e s,
in the tth period, in
region o

Average size of housing
units

Nunmber of bills in block_b
of schedule s, in the tth
period, in region a

Number of bills in r%ﬁe
schedule s, in the t=—
period, in region o

Percent of total region o
generation by investor-
owned electric utilities

Cost of fuel consumed, in
cents per 10% BTU, times the
ercent of total net genera-
ion (in the tth period) by
thermal plants

Ratio of total residentia
KWH sales to total indust-
trial KWH sales



Table 2 (continued). VAR ABLES, UNITS. AND NOTATI ONS EMPLOYED | N ECONOVETRI C
STUDIES OF THE RESI DENTI AL DEMAND OR ELECTRI O TY

LT

Variable Uni t Definition

Q her Vari abl es: TI ME Tinme trend
Mar ket Charac-
tertic _

Variabl es (continued)

Ot her JATEMP . Degrees F Mean Jan%ﬁry temperature,
Vari abl es in the t== period, in region
Climte o

JUTEMP Degrees F Mean July tenperature
DDAYS, [a] Degree Days
Elasticities L[s;P] Elasticity of demand with

respect to average price for
customers on rate schedule s

g[s,a;P] El asticity of demand with
respect to average price for
custonmers on rate schedule s
in region a (relevant where
the specification includes
shift variables distinguish-
ing states)

Z[s;Y] Elasticity of demand with
respect to income for cus-
toners on rate schedule s

I[s,a;Y] Elasticity of demand with
respect to income for cus-
tomers on rate schedule s in
region o (relevant where the
specification includes shift
variabl es distinguishing
states)
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Table 2 (continued).

VARI ABLES, UNITS, AND NOTATI ONS EMPLOYED IN ECONOMETRIC

STUDI ES OF THE RESI DENTI AL DEMAND FOR ELECTRICO TY

Vari abl e

Uni t

Definition

Elasticities
(conti nued)

e[s;NG]

ef[s,0;NG]

Cross elasticity of elec-
tricity demand Wth respect
to (average) price of

natural gas for custoners on
(electricity)

Cross elasticity of elec-
tricity demand W th respect
to (average) price of _
natural gas for custoners in
region o« on rate schedule s

Lag paraneter |inking short
run and long run elasti-
cities




Table 3. SELECTED REGRESS|I ON RESULTS
RESI DENTI AL DEMAND EQUATI ONS

HALVORSEN
KWHt[s;u]
in ——B__EF-;E—]_ = -1.238 - 1.138 Q,nREREVt[s;oc]
+ .0355 anENGt[s;a] + .6113 anFYt[a]
- .3474 QnPCTURBt[a] = ,9245 %nJUTEMPt[u]
- .0151 2nTIME(t)
2
R = .9031
W LSON

KWHt[s;a]
il =————] = 10.25 - 1.33 knFPCSOOt[s;u],
+ .31 £nNOMNGt[s;a] - .46 anFYt[a]
+ .49 PnR/HSE [a] - .04 %nDDAYS, [a]

R = .566
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most consunption goods, of equality between mar-
ginal and average price. Wich "price" is appro-
priate for the specification of an econonetric
model of electricity demand?

(b) The appropriate approximation to the universe of
all other goods: obviously all other goods cannot
be considered, and so it is necessary to limt the
goods considered to all other relevant goods, good:
which are either close conplenents of or close sub-
stitutes for electricity. This in turn devolves
into the exam nation of the disaggregated conpo-
nents of residential consunption.

W turn to a discussion of these and related difficulties.

The Relevant Price Variable

Which price is appropriate to the specification of an econo-
nmetric nmodel of residential electricity demand? The obvious
answer is: whatever price consunmers respond to in making
consunption deci si ons. In asking what that price is, we

nmust be mndful that information is costly--that time spent
in the careful exam nation of a rate schedule has an oppor-
tunity cost. Casual enpiricism suggests that few residential
consuners know the difference between the steps of their rate
schedules, and it has been suggested that utilities be com
pelled to mail a copy of their rate schedules to residentia
custoners at |east once annually, as some phone conpanies

are required to do. The situation is unlikely to change wth
the advent of electricity-intensive housing styles, since--
as the evidence we shall review bel ow makes cl ear--residen-
tial electricity demand is incone inelastic and thus comes

to occupy a smaller portion of the famly budget, while
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hi gher real incomes increase the opportunity cost of tinme
spent in naking consunption decisions.

Average real residential price thus appears to be the appro-
priate price variable in the specification of the residential
demand for electricity. This is the variable that has been
used in nost econonetric studies of residential denmand, so
that we can sinply take over those estimates. Further, there
is a sinple relationship between average and narginal price
elasticities of demand for a commodity sold at a quantity

di scount, so that we can construct an estimate of margina
price elasticity froman estimate of average price elasticity
A quantity discount relationship can be approxi nmated by

ar(q) = p q®  -1<s<0, ¢

where q is KWH purchased per nonth, ar average revenue, and
p and B are constants. Then the relationship between aver-
age and nmarginal expenditure is derived as follows: equat-
ing two necessarily equal expressions for total expenditure
gi ves

q ar(q) = [ (da)mr(q) (

where nr is marginal revenue. Substituting the above rela-
tionship for average price as a function of quantity, we are
left with

p a8 = [ (aq)mr(q) e

Differentiating with respect to g we have

(1+8)pq® = (1+8)ar(q) = mr(q) (
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so that we nmay solve for marginal revenue in ternms of average
revenue, obt ai ning

ar(q) = %%é%% (5)

Now suppose that we have estinmated the coefficients in an
average revenue demand equation by regressing the natura

| ogarithm of average KWH consunption upon average residentia
revenue and other variables. Then the resulting coefficients
in the equation

n qt[s;a] = A+ Bin ar [s;a] + . .. (6)

can be related to the estimates which nmust be appropriate to
the marginal -price demand equation as follows. Since

¢n ar(q) = &n mr(q) — 4n(1+B) (7)
substitution into the average price equation gives
n qt[SEOCJ = (A-B%n(l+6)/\: + B n mr(qt) + o+ +(8)
Thus, if -/B is the average price elasticity of residential
electricity demand, the "correspondi ng" narginal price elas-

ticity is -/B/: the two are equal

Wiich OGther Goods Miust be |ncluded?

Whi ch goods are appropriately close conplenents and substi -
tutes and therefore worthy of inclusion in the specification
of the demand function? Consider the spectrum of residentia

uses of electricity: |ighting, space heating, space cooling,
and water heating. Wth the exception of lighting, there are
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non-electric alternatives for the other functional require-
ments, e.g., gas and oil for space and water heating. But
the substitution of gas for electricity requires costly con-
version of consurmer durable equipnment. Residential denmand
for electricity and fuels is ultimately demand for service
fl ows produced by use of fuels and electricity in conjunction
with "appliances" or "white goods" (broadly defined so as to
include lighting fixtures). This conplenmentarity is the
novelty in the problem of electricity demand estination, an
is ultimately responsible for the discrepancies between ear-
lier and later elasticity estimates. Consider the conplica-
tions introduced into the usual conceptual distinction between
short run and long run denmand el asticities. The short run
that period in which consumer-owner capital, or appliance
stocks, cannot be varied in response to demand, so that shc
run changes in demand in response to price changes are whol e
attributable to variations in the intensity of use of fixed
stocks of appliances. The relevant "other goods" for an esti-
mate of short run denmand elasticity are, therefore, severely
limted: appliance stocks definitionally are fixed, and ft
electricity substitutions cannot proceed w thout changes in
appl i ance stocks. The appropriate specification of short x
residential electricity demand woul d seemingly include only
electricity price, and perhaps incone, as independent variables

The long run is that period in which capital stocks of consu-
mer durables are subject to adjustment in response to related
price changes. A cost mnimzing consuner would, in |ong
run adjustnment, be producing the desired bundle of service
flows with |east cost fuel-appliance comnbinations. An
appropriate specification of independent variables for the
long run demand for electricity would, therefore, necessarily
i nclude nmeasures of relative appliance prices, or, nore
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specifically, the annual price of capital services for
various appliance types.

Short Run Versus Long Run El asticities

In which elasticities are we interested, short run or |ong
run? Qur interest is in the probable response of demand
patterns to changes in rate levels and structures, and in
valuation of the associated benefits. Short run elastici-
ties are, therefore, appropriate to the question of attain-
able benefits within a period where consumers cannot alter
appliance stocks and utilities cannot alter their capita
structure and the requirenment of neeting the fixed costs

of that capital structure. Long run elasticities are rele-
vant to the evaluation of benefits attainable over the
"period” in which both producer and consumer capital struc-
tures can be adjusted. They are the benefits foregone by

i nappropriate pricing policies.

Cross Section, Tine Series and Pool ed Mdels: Wi ch
Elfasticities do IThey IVEasure?

Demand studies have been done in cross section, in time
series, and with pooled tine series and cross section data.
Cross sectional studies enploy data from a given year, wth
the various data points corresponding to different |ocations;
tine series data build upon the observations, for severa
years, of data fromone location, and pooling of time series
and cross section data is just what the name inplies. Tine
series data from nany |ocations are thrown together to give
a larger sanple than either pure time series or pure Cross
section data alone could provide and, hopefully, inproved
estimates of nodel paraneters. Table 1 indicates that only
John W/lson's 1971 paper does an estinmate in pure cross
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section, which lends a special significance to the results
of this paper. Al other reported results are based upon
pooled tine series and cross section data bases.

To begin, then, with the pure cross section case, the elas-
ticity estimates derived from such a study are properly to
be considered long run. For there is great heterogeneity of
cost conditions, anong the contiguous states, and state data
for any given year presumably reflect the adjustnment to | ocal
conditions which consunmers have nade over tinme. Since state
cost differences are persistent--due to factors such as the
presence or absence of cheap hydroel ectric and/or public
power --cross section coefficients are, therefore, reason-
ably interpreted as based upon data on consumers in long run
equilibrium  The regional variation in cost is, as we shall
see, fortunate, for it enables us to get a significant esti-
mate of the price coefficient.

What of estimates based upon pooled data? Cearly there is
the possibility of interpretations of such data which conflicts
with the interpretation of cross section results offered above
Each year's data cannot reflect the long term adjustnment of
consunption to price and other determnants, for clearly the
nust be sonme adj ustnent of consunption to changes in short r
determ nants--prices and inconmes--in a time span smaller than
that in which conplenentary consumer durables (stocks and
appl i ances) can be adj usted. In a reasonably long tinme se-
ries of cross sections--say ten years, a period in which the
stock of consumer durables is considerably changed by re-

pl acement and additions--both will be present, with short
run adjustnent of consunmption to changes in price and in-
cone acconpanied by long run adjustnment of consuner durable
stocks. The pressing problemin the interpretation of the
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results of cross section studies is therefore the disen-
tangl enent of short and long term effects. This, in general
requires that some specific assunption regarding the nechan-
ism by which consumers adjust to disequilibrating changes in
i ndependent variables be specified. However unpal atable and
oversinplified the specific nodels enployed seem it is of
some confort that the formof the |agged response assuned
usually has little effect upon the relevant paranmeter esti-
mates. Once a specific adjustnent structure is assumed,
short run and long run estinmates are functionally related.

Havi ng thus enunmerated the problens that beset all of the
efforts to date at econonetric estinmation, we turn to a dis-
cussion of the individual estimates of the residential denand
for electricity. Industrial demand estimates are often very
different methodologically, and are therefore treated sepa-
rately later.

RESI DENTI AL DEMAND ESTI MATES

Fi sher and Kaysen5

This study merits attention greater than that usually accord-
ed an econonetric study nmore than ten years old, and for a
very sinple reason: as a first and an exhaustive study of
the demand for electric power , it set the agenda for al nost
all subsequent work in the field. [Indeed, nost of the im
provements of |ater papers--and we believe these have been
substantial--are to be found as throwaways in the Fisher-
Kaysen book, suggested but never pursued.

The hall mark of the Fisher-Kaysen approach is the recognition
at every turn, that residential electricity is used in the
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home in conjunction with consuner durables--"white goods," or
appliances, wth the definition of appliances stretched to in-
clude lighting fixtures--in order to produce desired service
flows. Al behavioral nodels exploit this dependence in the
specification of the demand for electricity.

Fi sher-Kaysen start fromthe behavioral hypothesis that, in
the short run, price and income are determ nants of the |evel
of utilization of the existing stock of white goods, so that
demand may be witten

KWH_[s:a] = C[%EREVt[S;aﬂ e[s;pl]

EJPIPct[aﬂ els;y] gwit[a] (¢

where we have transcribed the notation used in Fisher-Kaysen
into the unified notation introduced in Table 2; additiona
variables required here are Wit[a],the average stock of the
ith white good possessed by the comrunity during tine period
t.  The "price" variable is what purports to be a real price
variable, i.e., nomnal average revenue deflated by the con
sumer price index.

This is not the equation estimated by Fisher and Kaysen; the
first take (natural) logarithns, obtaining

anWHt[s;a] = C” + gfs;p] anEREVt[s;a]
* €[s;y] 2nDPIPC [a] + 4n E(Wit[a]) (1

and then take first differences, which gives
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anWHt[s;a]—anWHt_l[s;a] = C°7 + e[s;p](lnREREVt[s;a]
- £nREREVt_1[s;a]) + e[s;y](lnDPIPCt[a]
- nDPIPC__;[a]) + white goods term (11
Assumi ng that changes in the stock of white goods follow an
exponential growth path at a constant growth rate, first-
differencing "elimnates" the time dependence in the white
goods term since
an (W 'Yy - zn(wozr(t'l)) = +r. (12]
from (11) and (12) we have

KWHt[s;a]
KWHt_l[s;dT

REREV [s;0] els;p DPIPC, [o] els;yl
= C”J
REREV, _Ts;0] DPIPC, ;o] (13)

Note that this equation could al nost have been witten down
fromscratch: it is a variant of the sinplest nodel of short
run demand adjustment, with denmand dependent upon own-price
and income. The growth of white goods is thus subsunmed into
the constant term of the nodel of the above equati on.

The short run elasticity estimates are thus estimtes of a
fluctuation, assumed due to short run fluctuations in prices
and income, about a trend. The growth trend is deened exo-
genous. The problem of disentangling long run and short run
elasticities is therefore "solved" in this case by assunption
for price and income are not determnants of the long run de-
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demand for electricity. That long run trend is detern ned
solely by exogenous growth. This procedure nakes us wary of
the Fisher-Kaysen short run estimtes.

The situation is even nore serious for the Fisher-Kaysen |ong
run elasticity estimates. Gven the conmitnent of these au-
thors to the use of white good stock data--as opposed to sone
i ndirect measure of consumer durable stock decisions, such a
appliance prices--the validity of the final estimate will de-
pend critically upon the quality of the stock data. It is
therefore unfortunate that the time series data on white goods
stocks enployed in the Fisher-Kaysen study is questionable.
This much they recognize. Wrse, further exam nation of
their stock data indicates that it seems to be wong in just
such a manner as to bias the price elasticity estimte down-
wards: that is, appliance stocks in states in which electri-
city is expensive seemto be overestimted, and appliance
stocks in states in which electricity is cheap seemto be
under est i mat ed. For this reason it would seem unadvisabl e
to use Fisher-Kaysen elasticities in our subsequent work.

Chapnan et. al.>

This recent addition to the literature, presented at the
February 1973 NSF-M T conference and available in prelimnary
form from OCak Ridge National Laboratory, has one notable ad-
vantage of conceptual simplicity: the sinplicity of the dy-
nam c specification |leads to a transparent and appealing re-
| ationship between short and long run denmand el asticity esti-
mates. The price paid for that sinplicity is the somewhat
obscured relationship between the nodel specification and
behavi oral assunptions. The Chapman et. al. specification
S
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KWHt[s;a] = (KWHt_l[s;a])A[tthperiod factors] (14)

where only the tine dependence of the nultiplicative factors,
and not their precise interpretation, are relevant. Suppose
that there is only one nultiplicative factor specified in the
form (F(t))IS3F1. Then in logarithms

SnKWH, [s;0] = ARnKWH_ _;[s;a] + g[s;F] 4nF(t) (15)

Suppose that in the first period there is a once and for al
(exogenous) increase in the factor F; serviceable exanples
include an increase in the price of a substitute fuel or an
increase in the price of conplenentary goods, e.g., appli-
ances. Then the specification above tells us that the
corresponding first-period fractional change in consunption
IS

94nKWH; [s;0a]

STAE (D) = elsiEl (16)

But this is the beginning and not the end of the story, since
the sequential adjustment specification |eads to changes in
all future periods. Thus second-period consunption is deter-
mned by the two equations

SnKWH; [s;a] = ALnKWH [s;a] + e[s;F]4nF(y) (17)

]

SnKWH, [s;a] ALnKWH; [s;0] + €[s;Fl1enF(y) (18)

so that the percentage change in second-period consunption
arising froma small change in F(1) is, after using the first
equation to elimnate &nKWH, [s;a] fromthe second and then
differentiating,
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34nKWH; [s;a] -

TTE (Y] (1 + Mels;F] : (1¢

In general, the percentage change in nEh period consumption
is

94nKWH; , [s;a]

2 n-1 ‘F
STAE(Y) (L + X + A% +, ..+ A Jels;F]

n

L 2rels;F (2

if 0 < A < 1. The ultimate consumption change--the change a
n is taken to be very large--is thus

2im OLnKWH_[s;o] 1
n-e SLnF (y) = 7 - x £ls;iFl (21

The conventional interpretation of the paraneters--or, nore
precisely, of econonmetric estinmates of these paraneters--is
as follows. e[s,f]is taken to be the short run elasticity
of electricity consunption with respect to determnant F, an
1—%—7\ e[s;F] the long run elasticity of electricity consunp-
tion with respect to this same determinant. |f annual data
is used in the estimation- -and all tine series estimates wt
which we are fam liar use annual data--the "short run" of
reference is the year. The long run is, strictly speaking,
infinity. The fraction of adjustnment conpleted after n

periods is, as conputed above,

n—l)

(L - A + A+ oou * A

@ -]

& (22

it

'—J
1
>
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Thus, for A close to zero, adjustment is rapid, and for A
close to 1, adjustment of consunption to long run equilibrium

values is slow for A = .1, consunption has reached .99 of
its long run equilibriumvalue after five years, whereas for
A = .8, consunption has reached only .33 of its long run

equilibrium value after five years. As we shall see, the
estimates of A are all approximately .9, indicating a pro-
tracted period of adjustnent.

Because of the plausibility and conceptual appeal of the
Chapman et. al. dynamc specification--and the specificity,
to individual states, of their price elasticity estimtes--
their long run elasticity estinates are the ones we have used
in our later numerical evaluations of pricing inprovenent in-
dicators. W have conpiled the Chapman et. al. estimates in
Tabl e 4.

Tabl e 4. RESI DENTI AL ELASTICITY ESTI MATES,
Chapman et. al

Long Run (Average)

System State Price Elasticity
of Demand
Pot omac El ectric District of -1.22
Power Conpany Col unbi a and
Maryl and
Conmonweal t h Il1linois -1.22
Edi son Conpany
Duke Power Company North Carolina -1.18
New York State New York -1.24
El ectric and Gas
Pennsyl vani a Power Pennsyl vani a -1.22
and Li ght
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These are the nunbers which we actually use; accordingly,
our remaining discussion of residential demand estimates fo-
cuses principally upon their conceptual innovations, with
little attention to the nunerical estimates they actually
yi el d.

Wilson8

John Wlson's 1971 paper differs fromalnost all of the other
econonetric demand estimates, and in several inportant dimen-
sions. The data base is purely cross sectional, so that the
I's not question of distinguishing short run and long run ad-
justnment of consuners to local conditions; the regression
anal ysis ideally can isolate the long run effect of each of
the variables upon consunption. How, we may ask, does this
square with the underlying reality assumed in the estination
of the Chapman et. al. nodels? O, put another way, what com
parability is there between a "long run" elasticity estimte
in pure cross section and the "long run" elasticity estimte
froma pool ed sanple of tine series and cross sections with
speci fic dynam c adjustnent mechani sm assunmed? |In general,
the question is quite conplex. Here, it may help to think
along the following lines for specific equations which we

wi sh to conpare. 'The pure cross section and time series
studies mght be contrasted as based, respectively, on the
foll ow ng dat a:

Variables
Dependent Independent Data Base
Pure Cross 2nQ, [a] enF[t - @ =1, 2,
Sectional tO 039l s 2,
Pooled ant[a] Zth_l[a], t =1, 2,.
nF[t;a] a =1, 2,
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Conpare the equations to be estimated.

Pure Cross - ) + . =1. 2....
Sectional anto[a] C*x R,nF[to,a] o >
Pooled wnQ, [a] = & + Aant_l[cx] + winF[t;a]...

The conparison indicates that, if we consider only thet = t,
cross section from the pooled sanple, then the |lagged term
its coefficient and the constant term collapse into one over-
all constant. Estimation of this cross section alone is com
pletely equivalent to estimation of the pure cross section
model. What then is the relationship--in magnitude and re-
liability--between estimates of the all-inportant elasticity
paraneters in the two nodel s? Suppose, for the sake of expo-
sition, that the general "causal factor" F(t;a) is taken to
be the average real price of electricity. Then the differ-
ence between the paraneter estimates y and T?x,the respec-
tive "long run" elasticity neasures, depends upon the corre-
| ati ons between the |agged consunption variable and the price
variable., Since consunption has grown al nost exponentially
over the postwar period, while average real price has, de-
pendi ng upon the neasure used, either declined or remained
constant, the correlation between |agged consunption and
average price variables is probably extrenely small. W
therefore mght anticipate that price elasticity estimates--
Y and T?y --shoul d be of conparable magnitude. However, we
know there are strong correl ati ons between inconme and con-
sunption neasures over the relevant period, so that cross
sectional and pooled estimates of conparable income elasti-
city parameters mght be expected to differ substantially.

TO be sonmewhat nore precise about conparability; if consunp-
tion were domnated by trend growh at rate r, then the com
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parable long run elasticity paranmeters would be

Note that the latter differs from the Chapman et. al. "long
run elasticity" in that (1 --Tﬁé—; , rather than (1 - X),
alone appears in the denominator. " In the section in which
we discuss the empirical estimates obtained by the various
investigators, we shall see that these comments are fairly
well borne out. For present purposes, an idea of the numer-
ical magnitudes may help. Were w = .2, A = .9, and v = .07,
all of which values are fairly realistic, then the expressio
(I_——E—T*—) equals 1.258, which is the value we might reason

T T+ 1
ably expect to emerge from a cross sectional study.

VW nmust return, briefly, to the problem of the choice of
price variable. For any direct conparisons of the WIson
and Chapman et. al. results nust take account of the differ-
ent price variables used in the two studies. Chapman et. al
use average revenue, as do alnmost all other investigators.
Wlson, in this as in nany other respects the exception, yse
FPC500,(s;a), the Federal Power Commission typical electrical
bill for 500 KWH consunption in region o (i.e., state o).

The typical electric bill is a wdely-used construct, and
worth a few definitional and critical comments. The typica
electric bill for a given KWH quantity in a given state is

for a given rate schedul e--here, residential--constructed as
follows.. Fromutilities serving the state in question the
Federal Power Commi ssion (FPC) obtains rate schedules. Next
the FPC conputes the bill, under each rate schedule, for a
gi ven consunption--in our case 500 KWH, which is the conputed
consunption closest to the national average residential con-
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sunption for the year studied by Wlson. (Incidentally, that
year is never directly identified.) Since typically only one
utility serves a given city, no further work is required

For cases where a city or a Standard Metropolitan Statistical
Area (SMBA) is served by two or nore utilities, the individ-
ual utility bills are weighted by the nunbers of custoners
served to give an average typical bill. (Note that, since
Wl son works in cross section, there is no need to worry
about real versus nom nal price specifications.)

Wi ch price variable- -average price or typical bill--is to

be preferred, and why? The defects and virtues are distri-
buted over both candidates. The use of statew de average
revenues as a price variable undoubtedly, as WIson suggests,
blurs the often substantial variation of average revenue
within a state. Using an exanple of Wlson's, the city of
Buffalo in New York State, which benefits from cheap Saint
Lawr ence River hydropower, is averaged with relatively expen-
sive New York City power. Market and State boundaries sinply
do not coincide. Furthernore, the use of the typical elec-
tric bill provides a natural means of circunventing the diffi-
culty of estimation inposed by the declining block rate sche-
dule. For if the estinmation is to be a single-equation esti-
mate, then how can we face up to the fact that quantity taken
our dependent variable in Wlson's first nodel, is in fact
simul taneously determned with "price" because of the declin-
ing block schedule? Technically, the problemis that of the
identification problem of econonetrics. In words the diffi-
culty is that, if we seek information on the relationship
between price and quantity taken from data reflecting con-

sumer purchases under declining block rate schedul es--i.e.,
with true quantity discounts--then we cannot be certain of
the interpretation of our result. In some neasure it wll

reflect the negative relation, arising fromthe rate schedul e
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al one, between quantity taken and unit price; in some mea-
sure it will also reflect the inverse relationship between
quantity taken and effective price, basic to demand theory.
W lson's use of the typical electric bill for a given |eve

of consunption as the price variable is one way around the
difficulty, but its rationale is not easy to state precisely
For KWH consunption per household is the independent variable
in the WIlson paper (cf. Table 3), so that higher and | ower
per househol d consunption |evels have been washed out, and a.
are being explained by a "price" variable which corresponds,
and only approximately, to the total bill for a KWH tota
(500) approximating average consunption. The possibility of
attributing too nuch explanatory power to the "price" variable
(i.e., of biasing upwards estimtes of "price" elasticity of
demand) thus arises as follows. Since utilities typically
cover average costs of service for customer classes, there
may be considerable variation in the block hei ght assigned
any one bl ock. If for sone reason there was a systematic
downward bias of the average consunption block in |ow consunp-
tion areas, and a simlar upward bias of the average consunp-
tion block upwards in high consunption areas, the resulting
price elasticity estimate would be too high. There is, how
ever, little reason to expect such systematic effects.

Halvorsen6

The winkle in this paper is the effort to inprove upon pre-
vious estimates by explicitly nodeling both demand and supply
sides of the market. The supply side is specified by an
equati on in which average nom nal supply price is explained
as a function of variables which nay be classified as factor
cost variables, market structure variables, and a tine trend
vari abl e. Since this is a supply equation and not a demand
equation, it is the only residential-market equation in the
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papers discussed in this chapter which is not enetered in
Table 3; we therefore enter it here, with all variables as
defined in Table 2:

KWHt(s;q)

» PCTPVT ( @ ), R/IS_( o ),

PCTURB, ( @ ); FUELSG,( o ), MHEMFG, ();
TIME (t)) (24

The dependent variable is the average nom nal revenue earned
in residential sales. Demand is taken to be a function of
real price, so that deflation is necessary in order to link
demand and supply parts of the Halvorsen nodel. Sjince Hal -
vorsen chooses to deflate by the Consuner Price Index, the
rel evant |inking equation is

NOMREV, = REREV
t t/CPIt (25)

Use of the Consuner Price Index as a deflator is common to
several papers, notably Chapman et. al. and Hal vorsen, and
we comment below on the inplications of this procedure. Re-
turning to the Halvorsen supply equation, the factor cost
variables are (1) the average price of fuel used in steam
generation variable FUELSG, (a) --see Table 2 for the exact
definition--and (2) a | abor cost variable MHEMFG,_. However
it is capital costs that bulk largest in the cost structure
of the electric power industry, as we will see, and clearly
these costs nmust be inmportant in explaining supply price.
Wiere, then, are these costs in Halvorsen's supply equation?
He suggests that the najor determnant of capital cost is
"public versus private ownership,” so that the variable
PCTPVTt, the percent of total electric utility generation
generated by investor-owned utilities in the state in ques-
tion in year t, is in effect a capital cost variable. Byt
not the only one, for a mmjor conponent of the cost of resi-
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dential service is the distribution cost, which is al nost pu:
capital cost. Distribution costs are in turn determ ned by
the density of customers and the intensity of use by those
customers. To the latter factors correspond the variabl es
PCTURBt and KWHt/Bt respectively, the percent of the given
state's population in urban areas and KWH sal es per custoner.
Thus the all inportant capital cost determnants of the supply
schedul e facing the individual residential custonmers are
spread over three independent variables. The sole renaining
mar ket structural variable R/ISt(a), the ratio of total resi-
dential to total industrial sales, is included as a neasure
of possible cross subsidization of the residential market by
the industrial narket. For why, were there no such cross
subsi di zation, should the supply price of electricity to the
residential consunmer depend upon the relative market shares
of residential and industrial customers'? Note that the var-
lable in question is a ratio, and thus scale effects cannot
be relevant. Cearly a larger overall market allows the ex-
ploitation of economes of scale, so that both residential
and industrial supply prices may be |ower than otherw se,
but--with one small quibble--there shoul d be no dependence or
average supply price on the conmposition of the market. The
qui bble is as follows. If residential sales are nore sharply
peaked than industrial loads--this is typically the case--
then markets of equal total consunption will be higher cost
the higher the fraction of residential sales in total sales,
since capacity requirements are correspondingly higher. This
argunent would lead us to expect a positive coefficient for
the R/IS (a) variable; the cross-subsidization argunent,

in the formthat residential customers, being nore nunerous
and correspondingly more vocal than |arge power custoners,
are likely to get a subsidy fromindustrial custoners, indi-
cates that a negative coefficient for this variable is prob-
able. Since that latter expectation is borne out in the
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estimates, the first, contrary argunent nay be dism ssed.

Hal vorsen's specification of a supply side--remenber this is
not "industry" supply, whatever that might nean in the case
of electric power, but the supply schedule faced by the indi-
vidual consuner--is his neans of circunventing the problens
rai sed by the declining block schedule. Note the difference
between his and WIson's approach: WIson chooses as price
vari able the typical bill for 500 KWH, hopefully a quantity

i ndependent neasure of price within a small quantity range.
Hal vorsen, on behavi oral grounds, uses an average price var-
iable, with supply to the individual customer then considered
perfectly elastic at that price, so that the various data
points given by the time series of cross sections used in the
estimates trace out the demand curve. WIson's assunption
can be re-expressed as follows: if nost consunption occurs
in a relatively narrow band around residential consunption
then the cross section used in estimation sketches out the
nmovenent of the particular block in which 500 KMH sits al ong
the demand curve; if customers are responsive to margina
price, this traces out a snall portion of the demand curve
providing an estimate of that curve. The resulting estimate
is, of course, not clearly a marginal price elasticity or an
average price elasticity, since different data points differ
in both marginal price and average price: an easy way to
think about the different cross section data points is as
originating fromthe nmotion of the intersection of the

margi nal price graph and the demand curve as the former is
moved vertically.

| NDUSTRI AL DEMAND ESTI MATES

We know | ess about industrial and conmmercial demand than
about residential demand. The reasons center upon the
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different pricing schemes enployed for the different rate
schedul es. Residential electricity is invariably priced at
some block rate, with block heights and | engths independent
of particular characteristics of the customer's load. But
commercial and industrial schedules characteristically are
"demand billed," i.e. the custoner's bill depends upon both
energy consunption and | oad characteristics, and upon the
latter in a way that can becone quite conplex. Consequently
the use of an average revenue figure as a price variable
distorts the actual operation of the rate structure even nore
seriously than in the residential case. W know of no study,
wherein this problemis faced even sonewhat squarely. \Mat
Is known, is sumarized briefly below. Brevity is dictated
not by the intrinsic uninportance of the subject--certainly
an allocation of time between residential and conmercial and
industrial markets on the basis of any neasure of intrinsic

i nportance would heavily favor the latter two categories--but
by the circunmstance that, although the data base for estimating
and, of course, the resultant estimates are different, the
nethods either yield little or are suspiciously simlar to

t hose devel oped for the estimation of residential demand.

Roughly speaking, there are two sorts of estimates of indus-
trial demand: those based upon specific industry data, and

t hose based upon data on sales to custoners served under
industrial rate schedules in the individual states. The
original industrial demand estimates of Fisher and Kaysen

and the subsequent work of Baxter and Rees and of Anderson
are in the first category, whereas the industrial estimates
presented by Chapman et. al. are in the second category. For
reasons to be discussed below, the applicability of the Baxter
and Rees and the Anderson papers to a discussion of electricity
alone is questionable. The remaining nmenu of industrial demand
studies is limted, and it is to a conparison of those approaching
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that we turn. After the conpletion of that general conpari-
son, we return to the individual papers and finally to their
numerical estimates.

| ndustrial Demand Esti nates: Some CGeneral Comments

Very crudely, what is likely to be the difference between
econonetric estimates of industrial electricity demand based
upon aggregative industry data and estimates based upon stat
industrial rate schedule data? |In the first category, for
exampl e, we mght have electricity consunption by two-digit
Standard Industrial Cdassification industry group, and val ue
of purchased electricity at that same |evel of aggregation
(Self-generated electricity can, and typically is, adjusted
for in these studies by valuing such an input as the firm
"should," i.e., at the market average revenue "price" for
electricity. The adjustnment is added to purchased electric
power to give a market value of electricity used, and it is
this latter market value that enters the industry demand
studies.) Thus there is considerable aggregation over phys-
ical outputs, since the two-digit industry groups are already
aggregates of firms producing closely-related products.
Further, there may be considerabl e geographi c aggregation
since, for exanple, a two-digit manufacturing industry may
subtend establishnents spread over the entire country. \Wat
of the other kind of industrial demand estimate? |If we use
state data on sales under industrial rates schedules, then we
di saggregate in one dimension while further aggregating in
another: the aggregati on over products includes everything
produced by firnms purchasing electricity under industrial
rates schedules, while spatial aggregation is restricted to
areas no larger than the largest state.

To put the matter in this way virtually dictates our choice
O elasticity estimate. Qur work is to be based upon the
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study of individual utility costs and rates, and the custoner
classes we study will be the customer classes served by indi-
vidual utilities under individual rate schedules. |deally,
we should like to have elasticity estimates specific to those
i ndividual rate schedules of individual systems. As a second
best choice, estimtes based upon sales by rates schedul e and
by state will probably not be too bad, since an individual
utility service area is often a good part of a state, and
there is at |east sonme hope that industry mx is not too
nonhonogeneous across one state. Thus, we nust work with the
state-based estimates. To work in the other direction--from
I ndustry-specific estimtes through sone estimate of industry
m x in individual service areas to an inputed elasticity for
a specific utility service area--would be close to inpossible.
Nevertheless, it is instructive to ook at the magnitudes of
elasticity estimates obtained on the two types of studies,
and for this purpose we discuss the Fisher and Kaysen esti -
mates. The estinmates we actually use in our later work are
those of Chapman et. al. and are made in the sane way as the
residential demand estimates given by those authors, so that
our above discussion of their nmethod of estimation need not
be repeat ed.

Fi sher and Kavsen5

The industrial demand estinmates of Fisher and Kaysen are a
relatively small portion of their book. As in the case on
their residential demand estinates, there is an extensive and
not entirely persuasive effort, based upon the theory of
derived denmand, to justify the final specification. W con-
tent ourselves, as Fisher and Kaysen might have done, with the
follow ng observation, which autonatically yields the function
formthey finally estimate. For industry j, suppose that
out put Yj(t) in period t is produced with electricity in
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Put Ej (t) and other inputs Xk(j,t), k=1, ...m Then if
all firms in the industry are identical in size and production
technol ogy, and the technol ogy i s Cobb-Douglas, the industry
production function can be witten as

Y, () = (Constant)x(Ej(t))a(E) (X GG>)) %

If the price of electricity to the industry in periodt is
p?(t), and the price of each other input in that period p?(‘
t hen the Cobb-Dougl as production function has the pleasant
property of giving inverse demand functions which are them
sel ves products of powers of (industry) output and input
prices:

D?(t) = (Constant)x(Y._(t))BEPE(t))a (Prices of othe:
J J J inputs to diffe
ent powers.)

Because Fisher and Kaysen have no information on other inputs
they drop all other factors, and proceed with estinmation on
the assunption that industry electricity demand may be repre-
sented as the product of industry output to sone power and
the price of electricity to sonme other power, a sort of
truncated Cobb-Dougl as derived input demand function

2(t) = (Constant)X(Yj(t))B(P?(t))a.

This is the equation Fisher and Kaysen estimate. The data
base for estimation, as indicated in Table 1, is derived from
Census of Manufactures 1956 data for selected states. Since
the nunmber of such states differ across two-digit industries,
the degrees of freedom for each industry estimate (See Table 5
| ndustry Regressions: Two-Digit Industries, 1956, repro-
duced from Fisher and Kaysen) differ between states.
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Table 5.

TWO-DIGIT INDUSTRIES, 195¢€

INDUSTRY REGRESSIONS:
D€
5g EE_
o O el
Industry & B K R2 g3 583
3&"‘ 857
Q n=
Y=

20 Food and
Kindred —0.7841 4-0.6591ass 12,88 ,8323sss 11 vYES
Products (0.4065) (0.1324)

22 Textile
Mill —1.6167%ss 4 1.0071s3s 2,84 .9880ss= 6 wNO
Products (0.1117) (0.0877) '

26 Pulp, Paper,
and —0.9747» +0.7203 26.43 .8822a 3 nwo
Products (0.2077) (0.4205)

28 Chemicals -
and —2.5976=a 4+ 0.61502 22,55 .6387s%s 14 NoO
Products (0.5234) (0.2167)

32 Stone, Clay,
and Glass —1.7386 -+ 1.0273» 2.44 8429 3 wo
Products (1.2231) (0.3074)

33 Primary Met- —1.2829%a  4-0.4937ess 9.17 .74283ss 16 YES
al Industrics {0.2117) (0.1188)

34 Fabricated
Metal 40.5533 4 1.1094sss 0.29 9593222 4 NoO
Products (0.4832) (0.1143)

' — - 1.10092e2 (.39 .8460%e+ 3 NoO
(0.1175)

35 Machinery, .
Except —1.3349 4-0.9043=s>  1.30 .9742=e2 7 NO
Electrical (0.4286) (0.0870)

36 Electrical —1.8200= +0.3797 76.50 .8985= 4 YEs
Machinery (0.4489) (0.2191)

37 Transpor- 4 0.6877 4+ 1.05268sa  0.61 .9521%s 5 No
tation (0.6445) {0.1174)

Equipment — +0.98503as . 1,04 .04]2s32  § No
(0.10053)

* Significant at five per cent level.
& Siznificant at oue per cent level,
s+s Significant at one-teath of one per cent level,

Reproduced from Fisher
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Chapnman et. al. 3

W have di scussed the method enployed in this paper above;
in Table 6 we conpile the actual estimates fromthis paper
which we use in later calculations. Renenber that, although
Fi sher and Kaysen do not discuss the comercial sector--and
for obvious reasons, since there is no data for the conmmer-
cial sector which would nesh with their estimation nethods--
any unified estimation. nethod constructed so as to nmesh wth
state data, such as the Chapman et. al. nethod, can distin-
gui sh a separate commercial sector. Therefore we enploy
this additional |evel of detail in our later calculations,
and in Table 6 we conpile the estinmates for the states in
whi ch systenms in our sanple are |ocated.

This conpl etes our discussion of our selection of dermand
el asticities, which enter paranetrically into our later indi-
cator estimates. W turn to the cost side of our problem

Table 6. COWMERCI AL AND | NDUSTRI AL ELASTICI TY ESTI MATES
Chapman et. al.

Long Run (Average) Price
Syst em State El asticity of Demand
Commercial | Industri al
Potomac Electric District of -1. 46 -1.93
Power Conpany Col unbi a
and
Maryl and
Commonweal th I'l'linois -1. 48 -1. 87
Edi son Conpany
Duke Power North Carolina -1.13 -1.65
Conpany
New York State New Yor k -1.65 -1.89
El ectric and
Gas
Pennsyl vani a_ Pennsyl vani a -1. 46 -1.93
Power and Li ght
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SECTION |11

SOVE RELEVANT FEATURES OF THE | NTERNAL
COST STRUCTURE OF THE ELECTRI C PONER | NDUSTRY

A cost-of-service study for an individual utility is likely
to be a one or two year or longer effort, often involving
much of the staff of the rate division. The nunber of ques-
tions that can be raised is boundless. But by careful selec-
tion of the portion of the cost structure to be explored, we
can guarantee that our analysis of the cost structure is
exactly as detailed, and no nore so, than required by our
objectives. W therefore begin this chapter with the intro-
duction of a franmework for classifying and identifying those
di nensions of cost structure which we nust quantify. In a
sense, this discussion belongs in the discussion of rates i
Section IV, it has been |ocated here because, without it, t
sel ection of focus in the cost discussion nust seem arbitrs

A TYPOLOGY OF CUSTOVERS BASED UPON "1 NFORVATI ON' COSTS

Assune that every consuner reacts optinmally to the options
open to him Then any consuner of electricity will find it
efficient to allocate tine to the electricity consunption

decision to the point where marginal benefits of such tine
the reduction in electric bill, for given consunption, for
the incremental mnute spent in making the electricity con-
sunption decision--just equal the increnental costs involve
in this case the value of the incremental mnute in its next
most val uable use. The outcones of this allocation decision
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process will be classified in tw dinmensions: tinme differen-
tiating versus tinme-undifferentiating consunption decisions,
and average price responsive versus marginal price responsive
consunption deci sions.

Table 7. A TYPOLOGY OF ELECTRI CI TY CUSTOMERS

o Time . Time
Undifferentiating|D fferentiating

Aver age Price Responsive I I
Margi nal Price Responsive 11 Y

Customers in Category | have found it optimal not to distin-
gui sh between average and marginal prices in their electri-
city consunption decisions. For these customers, the exis-
tence of block rates is irrelevant, for they wuld make the
same consunption decision at a flat price equal to the aver-
age revenue they are currently paying. Customers in Category
[l by definition find it optimal to pay the cost of differen-
tiating between their consunption on and off peak--either by
payi ng the additional costs of nmetering peak and off peak
consunption separately, or by taking a rate schedul e option
under which the conpany (nomi nally) bears the costs of such
metering, or by accepting such devices as deferable |oad
water heating. Note that, by definition, these custoners
have not found it optimal to distinguish between average and
margi nal price so that, once again, the question of block
structure is of no relevance to them for they woul d take
exactly as nuch electricity at a flat average rate equal to
their current average price as they take presently.

Customers in Category Il by definition do not find it opti-
mal to distinguish between peak and off peak consunption
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but they have found it optimal to distinguish between mar-
ginal and average price. Finally, custonmers in Category IV
have found it optimal to distinguish between consunption in
both dimensions: between power taken off peak and at peak,
and between average and marginal prices paid for electricity

So much for typology. The really inportant question is what
i f anything, belongs in the boxes: which customers wnd up
where? There are no unanbi guous guidelines. First, it is
not entirely clear that all custoners on a given rate sche-
dule belong in a single category. Large residential users,
for exanple, nay have some marginal price sensitivity and
therefore belong in Category IIl, whereas very snall residen-
tial users alnmost certainly belong in Category I.

Qur identification of rate schedules with the categories of

t he above typol ogy, and the correspondi ng benefit-cost cal-
culations performed, are as follows.

Cat egory

This category is the domain of small residential and comrer-
cial users. The relevant question regardi ng possible inprov-
ment in rate structures is then restricted by the assunption
that consunmers in this category do not, for information cost
reasons, distinguish either marginal and average price or

of fpeak and peak consunption. That relevant question is in
fact restricted to the question of inter customer-class ad-
justments in average price. How large are the efficiency
gains to be expected frominproved average pricing? Qur

met hodol ogy for the derivation of a quantitative neasure of
such avail able gains is based upon the work of Baunol and

Br adf or d.
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The method and results are spelled out in Section IV bel ow
To the extent that the derived quantitative neasures are re-

liable, they indicate that avail able gains are negligibly
snal |

Category |1

Al nost all rate schedules are potentially fair game for this
category, and we will conpute net benefit neasures for al
rate schedul es of the sanple conpanies as if it were the case
that all rate schedul es are average-price responsive--that
they have found it optimal not to distinguish between peak
and of fpeak consunption. For residential custoners presently
netered on a KWH nonthly or binonthly basis, this will re-
quire netting of the additional cost of double-rate registers
required to charge differential rates off peak and on peak

A warning regarding the full spectrum of benefits and costs
for double rate register netering is in order: there is one
potential serious drawback to double rate register netering
of of fpeak and peak hours. Should service to a given area

be interrupted and restored in any time interval not a mul-
tiple of 24 hours, the correct setting of the doube rate

regi ster shall have been lost. |t would be necessary to neter
on a KWH basis, taking the sinple sum of the offpeak and peak
registers as the relevant nunber of KWH until the tinme at
which the neter was read, at that tinme the reader could reset
the device. The evaluation of this problemis beyond the
scope of this report.

Category II1.

The prime candidates for Category Il are large residential
users if it is assuned that, for sone reason, there is no
possibility of differentiating between of fpeak and peak

50



usage for these custoners. Again, recall our observation
that all custoners on a given rate schedul e need not neces-
sarily fall into the same category; for the return to an
addi tional mnute spent in a consunption decision is higher
t he higher the range of the contenpl ated purchase, so that
it may pay a large residential user to beconme famliar with
his or her rate schedule where it would not so profit a
smal | residential user. Nevertheless, as we wll see in our

anal ysis of Category |, there is little to be gained from
pricing changes which do not discrimnate between of f peak
and onpeak consunption. However, there is still the possi-

bility of "inplicitly" differentiating betwen of f peak and
peak, and our major estimate corresponding to Category II1
is the estination of an upper bound on the gains attainable
frominplicit differentiation. How mght this work?
Suppose that some system had a declining block rate schedul e
with only two blocks, with the tailblock |ower than the first
bl ock.  Suppose further that tailblock customers buy al
their electricity on peak, while first block custonmers buy
all their electricity off peak. 'Then we can in sone neasure
simul ate peak |l oad pricing by raising the tailblock and

| owering the first block. Advocates of "rate inversion"
often argue for sonething like this, and we will calculate
a rough upper bound on the welfare gains that inplenentation
of one kind of rate inversion proposal wll confer

Category |V

Finally, in Category IV, we place our large comrercial and
industrial users. They incur little incremental expense

in differentiating between their consunption off peak and
on peak, since many utilities know and rmust know what the

i nstantaneous | oad being pulled by their individual |arge
customers is. Sone of these custoners also have that infor-
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mation. Simlarly, there is little increnental expense to be
incurred were such a large custonmer to "switch" from average
price sensitivity to marginal price sensitivity, since so |ong
as soneone is watching the electric bill, the cost of watching
it inaslightly different way is negligible. For these cus-
tomers, a relevant benefit/cost question is: what is the mag-
nitude of the gains likely to be had fromtine-differentiates
pricing, e.g. a better matching of peak period (perceived)
prices and costs? Sone technical problens--the existence of
demand- bi | i ng- -make this conparison awkward, but we shall see
that it can be nade, and that the attainable gains are probably
substanti al .

THE USES OF THE TYPOLOGY: A PRELI M NARY OVERVI EW OF
| NDI CATORS TO BE ESTI MATED, AND COST ANALYSI S REQUI RED

Qur purpose in constructing the above typology is the organi-
zation of our welfare gain calculations, and guidance of the
cost analysis necessary for those cal cul ations. In this
section we spell out the first linkage. The discussion of
cost structure, which conpletes the work of this section
fol | ows.

It is sinplest to proceed seriatimthrough the four categories
of the typology. |In each case the question is the sane: wha
wel fare gain estimates are apposite to the corresponding
typol ogy category?

Category |

These are custoners who find it inpossible--extremely costly-
to differentiate between peak and off peak consunption and
simlarly costly to distinguish between average and margina
prices. \Were, under these constraining conditions, could
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i mprovenent reasonably be sought? Only in adjustnent of the
relative average prices paid by the various custoner classes.
Suppose further that utility managenent chose to avoid the
probl ems of of fpeak versus peak period cost allocation for
this class of custoner, and attenpted to follow naive se-
cond-best short run marginal cost pricing rules. (D scussed
in detail below, and nentioned above, these rules suggest
that prices be deviated from short run narginal cost in or-
der to cover costs, with the deviations designed so as to
mnimze the resulting distortion of consunption patterns.)
Then we can actually conpute the wel fare gai ns associ at ed
with such inproved pricing. Cbviously we will need for the
purposes a reconstruction of short run marginal costs. That
reconstruction will prove useful in introducing us to the
difficulties inherent in utility cost data, and in the iden-
tification of marginal costs. The indicator associated wth
this calculation, call it indicator I, will be evaluated in
Section 1V.

Cat egory ||

These are custonmers assunmed to differentiate between of f peak
and peak usage, but not between average and marginal price.
The relevant question is: how much is to be gained by charg-
ing differential flat average prices in offpeak and peak

periods? W therefore cross into territory where a know edge
of the differential costs of providing electric service off
peak and on peak is necessary. Consequently, we require an
extensive discussion of peak versus offpeak cost structures
The wel fare gain calculation relevant to this custoner cate-
gory is, as suggested, efficiency gain available from a bet
ter matching of price and cost in offpeak and on peak period
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Category |11

These are customers who, because of their information cost
structure, distinguish between margi nal and average price but
not between peak and of f peak periods; |arge residential users
who cannot be netered in a way that distinguishes between tine
periods mght reasonably be placed in this category. Then
sone |everage over their consunption pattern is available from
changes in tailblock rates, i.e., froma form of what has cone
to be known as rate inversion. An upper bound to the efficien-
cy gains from such inversion may then be estimted as follows:
assune all tailblock consunption occurs during the peak, and
assune marginal elasticities are relevant. By g "tailblock
customer” we nmean a custoner whose nonthly consunption of elec-
tricity is sufficiently large to place himin the |ast block
of the rate structure:. if, for exanple, all KWHs over 800KWH
per nonth are billed at 1.0¢, then custonmers taking nore than
800KWH during sone nonth are in the tailblock for that nonth
Qur assunption that all tailblock consunption occurs on peak
sinply means: we assunme that all tailblock custonmers take al
of their power during the peak hours of the day, and that
their demand is constant during those hours. The welfare gain
nmeasure appropriate to this category, evaluated in Section 1V,
estimates the gains available fromthis form of inversion

This cal culation obviously requires a know edge of the differ-
ential costs of providing electricity off and on peak

Category |V

Finally, what of those large conmercial and industrial users
who distinguish between average and nmarginal price, and be-
tween power taken offpeak and on peak? Here we can devise and
evaluate a welfare measure of the gains associated with an im
proved fit between nmarginal price and peak cost. Because the
typical user in this category is billed under both energy and
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demand schedul es--the difference is explained bel ow-for-
mul ation of the corresponding indicator is not as straight-
forward as in the previous cases. But the cost-structura
information required for this evaluation is the sane: an
explicit identification of offpeak and peak costs.

We have conpl eted a sketchy survey of the cost information
we shall require, and we turn to the devel opnent of that
i nf ormation.

THE RECONSTRUCTI ON' OF | NTERNAL COST FUNCTI ONS
SHORT RUN MARG NAL COSTS

Qur objective in this subsection is a reconstruction of the
short run marginal cost of serving each custoner class, and
an understanding of the limtations of the measure construc-
ted. The increnental cost of service, at any particular
time, is alnmost purely generating cost, the cost of the fuel
required to generate an increnental KWH  There are usually
larger line losses involved in "delivering" a K\Hto a resi-
dential custoner than in delivering the sane anount of el ec-
trical energy to a large industrial custoner, since in the
fornmer case there are additional |osses in passage through
the lowvoltage distribution system But the major differ,
ence in incremental cost of serving different customer class
turns upon the timng of the additional KWH, since the major
cost differential involved in serving various custoners at
various tinmes arises fromthe capacity costs inposed by pe:
period users--no such costs are inmposed by offpeak users.
Short run marginal cost is, strictly speaking, different at
every nonent, as demand fluctuates in relation to capacity
In this section we shall see that the variation over tinme
what can be explicitly identified as marginal generation
cost is not extreme. Later, in Section IV, we wll therefore
feel justified in using as an approximation a time-indepen
and constant nargi nal cost of generation.
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Any electric utility has in operation, at any given tine,
plants of varying vintage and consequently of varing econo-
mc efficiency. The trend to |larger capacity units which
exploit economes of scale in generation has left all systens
wth a spectrumof plant fromoldest and |least efficient to
newest and nost efficient. A cost-m nimzing managenent will
nmeet any given load on the system by firing plants in decreas-
ing-efficiency order.* Thus, given a list of all plants owned
by a given system and the unit production costs of boiler-

t ur bi ne-generator conbination in each plant, we can construct
a first and nost naive estimate of marginal generation costs
which we refer to as SRMJ(1). This function specifies the
mar gi nal cost of a KWH, given any |oad, subject to the assunp-
tion that all units at all plants are functioning. Table 8
bel ow lists what Federal Power Conm ssion Form 1 calls "tota
production cost per KWH' for individual plants, with those
plants ranked from | east efficient to nost efficient. The
FPC "total production cost" concept includes sonme small fixed
costs, such as the salaries of plant personnel. But because
these are negligible in conparison with the fuel cost conpo-
nent, "total production cost" per KWH is a reasonable neasure
of fuel cost per KWH.  And, with sone inportant qualifications
di scussed bel ow, fuel cost per KWH is a reasonabl e neasure of
short run marginal cost. Figure 1 depicts SRMZ(1). (As the
table and figure captions indicate, 1972 Potonmac Electric
Power Conpany data is used here and el sewhere in the report

I n describing nethodologies.) Table 9, a conpilation of fuel
efficiency by unit, provides the basis for a stricter neasure
of marginal cost, given fuel prices. The latter are currently
reported to the Federal Power Conm ssion on a nonthly basis.

How useful is SRMZ(1)? Consider Figure 2, the system | oad
curve for three representative days in three representative

*Under many current interchange and pooling agreenents, the

pool rather than the utility itself makes the operating de-
ci sions
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Table 8. SHORT RUN MARG NAL COSTS OF GENERATI ON
Potomac El ectric Power Conpany, 1972

Pl ant Total Production CQumul ati ve .
cost ¢/KWHR Capability 10°KW

Mor gant own .454 1.114
Connenmaugh .516 1.273
Di ckerson . 598 1.823
Chal k Poi nt . 674 2.533
Pot omac River . 125 3.019
Benning Station .971 3.713
Connemaugh D esel 1. 301

Buzzard Poi nt 1.3331 4.019
Chal k Point GI 1. 530 4.041
Mor gant own GI 1.679 4.076
Buzzard Point GT 1. 745 4. 344
D ckerson GT 2.135 4. 367
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